Background: Recent case reports have shown that ultrasonography can be used to diagnose ocular pathology in an emergency setting. Ultrasound may be especially useful when periorbital edema and pain interfere with the examination of the post-traumatic eye.
INTRODUCTION
Ocular trauma, including a ruptured globe, is associated with pain and surrounding soft tissue edema that can impede the direct physical examination of the affected eye in an emergency setting. Limited access to ophthalmologic specialists and equipment may lead to significant delays in the diagnosis and treatment of traumatic pathology.
Ultrasonography has been widely used in investigation of abnormal orbital pathology, especially in cases with lens or ocular media opacifications.
1 Using variations like a-scan, b-scan, Doppler, and three-dimensional approaches, ultrasonography is used to diagnose and follow up orbital diseases. 2 The evaluation of ruptured globes with ultrasound presents an interesting dilemma, as management of the condition requires protection against any pressure to the globe. Globe rupture occurs following blunt or penetrating ocular trauma and is considered an ophthalmologic emergency. External signs of a ruptured globe include hyphema, irregular pupils, and a shallow anterior chamber.
3 Immediate treatment when this diagnosis is suspected includes the placement of a metal shield over the eye. The potential of a ruptured globe is therefore a relative contraindication to ultrasonographic applanation (i.e. the application of pressure over the cornea) due to the theoretical risk of intraocular content extrusion.
This study focused on the ability of emergency physicians to identify sonographic changes and detect a ruptured globe in a porcine model. Additionally, changes in intra-ocular pressure (IOP) during probe applanation with and without a clear plastic barrier were measured in order to evaluate the consequences of this technique.
METHODS
Following a 15-minute lecture on the use of ultrasound in emergency eye conditions, 15 Emergency Medicine (EM) residents and four EM attendings performed ocular sonography with a10-MHz linear-array transducer on nine consecutive porcine heads (18 eyes). Both a Sonosite Titan and Micromaxx (Sonosite, Inc., Bothwell, WA, USA) ultrasound machines were used. The lecture presented an overview of normal eye architecture when viewed with ultrasound, including the identification of the lens, the optic nerve, and the retina. The individual eyes were randomized to be pretreated as normal, ruptured globes with abnormal anatomy and moderate vitreous loss (MVL or rupture), and complete vitreous loss (CVL or vitrectomy) conditions. To simulate ruptured globes, we made a v-shaped incision approximately 2 mm from the lateral limbus in normal porcine eyes. For moderate injury, we aspirated 0.3 to 1.5 ml vitreous, and up to 4 ml for complete vitreous loss.
We covered the eyes with an opaque gelatin mold to blind the participants to the eye treatment, i.e. participants were unable to visually evaluate the eye itself. This mold also simulated a situation where periorbital edema precludes such an examination of the eye. Study participants filled out a questionnaire identifying their diagnosis for each eye as normal (Figure 1 ) , rupture-MVL (Figure 2 ), vitrectomy-CVL (Figure 3) , or "unable to determine."
After the initial study, a subset of normal (unruptured) eyes was cannulated and attached to a pressure sensor to
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Ultrasound Detection of a Ruptured Globe open) system of an intact globe. The utility of a clear plastic barrier (1mm thick) to alleviate this pressure differential was also assessed. We cut a 2 x 4 inch acrylic plastic shield 1/16" thick (US Plastics, Lima, OH) to cover the bony superior and inferior orbit. Ultrasonography was then performed using the plastic barrier to alleviate additional pressure. Prior to this study, the investigators received a letter of exemption from the NY Hospital Queens institutional review board.
RESULTS
Sonography of ruptured globes revealed a number of findings indicating the diagnosis, including loss of spherical shape, scalloping of posterior globe away from the orbital wall, and lens dislocation (Figure 2 ). The investigation noted that at least one third of the participants consistently verbalized a correct visualization of a rupture or vitrectomy yet noted the opposite finding on their questionnaire. This confusion reflected the participants' misunderstanding of the definitions of rupture (MVL) versus vitrectomy (CVL). To preserve the source data, their inconsistency was not corrected during the study, but the final data was merged to allow any indication of an abnormal globe (moderate or complete vitreous loss) to be a positive finding if the experimental eye in question was indeed abnormal. In other words, a participant could identify an MVL eye as a vitrectomy or a CVL as a rupture.
The sensitivity of this technique to identify globe rupture, using this merged data set, was 79% (95% CI 73% to 84%). The specificity was 51% (95% CI 41% to 61%). Using an unmerged data set, i.e. giving credit only for correct identification of a rupture, the sensitivity was 64% (95% CI 54% to 73%), and the specificity was 71% (95% CI 64% to 77%). Based on training level, attending emergency physicians (EPs) were consistently more accurate than residents in identifying ocular conditions, although secondyear residents as a group had the highest scores. A breakdown of results (with 95% confidence intervals) by level of training is summarized in Table 1 .
When maximal pressure was applied with the probe on normal eyes, IOP increased by 17%. IOP increased by only 5% when using the minimal amount of pressure to obtain a clear image. The probe did not cause a measurable increase in IOP nor was the ultrasound image quality altered when a plastic shield was used.
DISCUSSION
Ultrasonography provides a readily available, rapid, non-invasive imaging modality to evaluate the traumatic eye. An ultrasound machine can be available for use where the diagnosis would otherwise be delayed by limited access to ocular computed tomography, magnetic resonance imaging, and ophthalmologic consultation.
Recent studies have shown that EPs can use ultrasound to diagnose ocular pathology. Blaivas et al. 4 showed ultrasound's capability in diagnosing ruptured globes, retinal detachments, lens dislocations, and central retinal artery occlusions in 26 out of 61 patients with acute visual changes or ocular trauma. A subsequent study by Shriver 5 in 2005 demonstrated the ability of ultrasonography to detect intraocular metallic foreign bodies. Other than the Blaivas article, this specific method of evaluation has not been described previously as a technique to identify a ruptured globe.
This study demonstrated that ultrasound may one day be used by appropriately trained EPs in the future to expedite the diagnosis of globe rupture; however, the sensitivity and specificity of this test indicate that it is unlikely to replace more definitive imaging modalities. The use of a clear plastic barrier prevents an increase in IOP without affecting image quality, and future research should employ this technique. The
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Chandra et al. higher sensitivity of second-year residents may be explained by an increased comfort level with ultrasonography as a result of a dedicated one-month ultrasound training course initiated for them over the previous year (and therefore not inclusive of first-or third-year residents). This study had several limitations: the porcine model; the limited pre-study training in ocular ultrasound; and the confusion on the study day between a rupture and vitrectomy. The porcine model allowed participants to identify abnormalities in the globe's shape, the location of the lens, and the volume of vitreous humor; however, it did not allow for a simulation of vitreous hemorrhage, which is often associated with traumatic globe rupture. Future research in a live animal or cadaveric human model, with a longer training lecture that stressed the difference between the positive control and experimental group, would be helpful in evaluating this diagnostic technique further before any practical recommendations can be made.
